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HTRODUCTIOIi 
The categories of trite end subfamily have been used since the early 
1800's to express relationships "within the Gramineae. Prior to the 1930's, 
the gross morphological aspects of the spikelet and inflorescence were, in 
general, believed to be reliable indicators of the affinity among genera. 
Consequently, the tribes end subfamilies -were delimited on the bases of the 
number of florets per spikelet, the position of sterile or rudimentary 
florets, the disarticulation and compression of the' spikelets and the type 
of inflorescence. 
As these characters were easily observed and known for each genus, a 
relatively stable classification of the grasses evolved. The family was 
divided into two subfamilies, each subdivided into a number of tribes 
(Bentham and Hooker, 1883; Hackel, 1830; Sews, 1929; Hitchcock, 1935). 
A comparison of two systems (3entham. and Hooker, 1883; Hitchcock, 
1935), both based on the characteristics of the spikelet and inflorescence, 
is presented in Table 1. Hitchcock1s system differs from that of Bentham. 
and Hooker in the separation of the Oryzeae into two tribes (Oryzeae and 
Zizanieae) and their placement, along with the Zoysieae, in the subfamily 
Pestucoideae. However, as these tribes possess characteristics of both 
subfamilies, this realignment was merely a matter of convenience (Hitchcock, 
1935, p. 16). 
The lack of major changes in the classification over a 50 year period 
indicates the limits of understanding possible through the use of spikelet 
and inflorescence characters had essentially been realized. Moreover, the 
inability to determine the affinities of the Oryzeae end Zoysieae satis-
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Table 1. Comparison of classifications of the Gramineae' 
Bentham & Hooker 
(1883) 
Hitchcock 
(1935) 
Stebbins & Crampton 
(1961) 
PAKICACEAE 
Paniceae 
Aridr opogone ae 
Maydeae 
Tristegineae 
Oryzeae 
Zoysieae 
POACEAS 
Chlorideae 
Fhalarideae 
Agrostideae 
Festuceae 
Hordeae 
Aveneae 
Bambuseae 
PAKICOIDSAS 
Paniceae 
Andropogoneae 
Tripsaceae 
Helinideae 
FESTUCOIDSAE 
Oryzeae 
Zizanieae 
Zoysieae 
Chlorideae 
Phalarideae 
Agrostideae 
Festuceae 
Hordeae 
Aveneae 
Bambuseae 
PMICOIDEAS 
Paniceae 
Andropogoneae 
OEYZCIDEAE 
Fhareae 
Olyreae 
Shriiarteae 
Oryzeae 
Zizanieae 
ZRAGaOSTOIDZAZ 
Zoysieae 
Aeluropideae 
Spartineae 
Pappophoreae 
Eragrosteae 
Chlorideae 
FESTUCOIDEAE 
Ampelode sme ae 
Stipeae 
Brachyelytreae 
iiardeae 
Honermeae 
iTeliceae 
Diarrheneae 
Festuceaè 
Hordeae 
Aveneae 
5AEBUS0IDEAE 
Arundinari eae 
AR.UIID mo IDEAS 
Arundineae 
Danthonieae 
Unioleae 
Aristideae 
aThe order of the subfamilies and tribes has been changed to facili-
. tate comparison. 
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factorily, pointed out the need for additional characters. 
Since 1930, the introduction of new characters has removed the restric­
tions imposed by the use of gross morphological characters only. A Russian 
cytologist, Avdulov (1931), published a system of classification based on 
the basic number and size of the chromosomes. In support, he showed that 
differences in leaf anatocçr, starch grains and first seedling leaves accom­
panied those of the chromosomes. 
About the same time, Prat (1932) suggested that certain aspects of the 
epidermis were of systematic importance. Later (1936), he published a 
classification based on epidermal features in conjunction with Avdulov's 
characters, all of these being correlated. 
The new characters suggested relationships •which differed radically in 
some instances from those implied by spikelet and inflorescence character­
istics. For example, the new characters indicated that the Chlorideae, 
along with such genera as Sragrostis, Sporobolus and Huhlenbergia (tradi­
tionally placed in the Festucoideae) were more closely related to the 
Panicoideae than to the Festucoideae, sensu strictu. Confirmation of these 
relationships came from the discovery of differences in other characters, 
such as those of the embryo end root tip, "which were associated with the 
differences in epidermal and cyfcological characters. As it became apparent 
that external morphological similarity does not necessarily indicate a 
close relationship, the new characters replaced the gross morphological 
characters in importance in the delimitation of tribes and subfamilies. 
Initially, as many of the new characters exhibited only two different 
aspects within the family, the division into two subfemilies was maintained. 
Thie concept was abandoned as certain characters and character complexes, 
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such as those of the embryo and leaf, -were found, to display more than two 
distinct types. Thus, under the tvro subfamily concept, character divergences 
"within subfamilies were of the same magnitude as those between subfamilies. 
The latest classification of the grass genera of Uorth America (north 
of Mexico) is that of Stebbins and Cramp ton (1961). A comparison of this 
system, "which is based on the new characters, with earlier systems based on 
gross morphological characters is given in Table 1. 
The three largest subfamilies of the Stebbins and Cramptoh system, 
"sfaich contains 6 subfamilies and 28 tribes, are the Festucoideae, the 
Bragrostoideae and the Panicoideae^-. A summary of the characteristics of 
these three major groups is given in Table 2. 
Tribal and subfamilial concepts will be revised as our comprehension 
of the family increases. Our present knowledge of the new characters is 
rudimentary due to their recent introduction and the difficulties involved 
in their study. Many require time-consuming techniques and material not 
available from herbarium specimens. 
Sane of the characters such as those of the chromosomes, epidermis and 
leaf anatomy are known for a large number of species and_over half the 
genera. Others are little known, our understanding of their significance 
and limitations being derived from generic surveys of the family which show 
an apparent association with chromosomal and epidermal characters. Often, 
little is known about variation within genera. 
^Unless otherwise noted, subsequent use of the terms "festucoid", 
"chloridoid" and "panicoid" refer respectively to these three subfamilies 
or their characteristics. 
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Table 2. Comparison of three major groups of grasses 
Character Festucoid Chloridoid Panicoid 
Embryo 
Scutellum and 
Coleorhiza 
Mesocotyl 
Epiblast 
First leaf 
Uestome sheath 
Hesophyll 
Silica cells 
Stomates 
Chromosomes 
Starch grains 
Tunica layers 
Germination response 
to isopropyl-n-phenyl 
carbamate 
First seedling 
leaf 
Bicellular hairs 
Boot tip cells 
Lodicules 
Distribution 
Fused 
Absent 
Present 
Few bundles 
Margins meet 
Present 
Irregular 
Hound, rod, 
Elongated 
Oblong 
x=7, large 
Compound 
Two 
Inhibition 
Linear, 
erect 
Absent 
Alternate short 
and long 
Pointed apex, no 
vascular tissue 
Temperate, 
cool climates 
Free 
Present 
Present 
Few 
lleet 
Present 
Radial 
Double-Ax, 
Saddle 
Rhombic 
x=S,10, small 
Compound 
One 
So inhibition 
Medium width, 
recurved 
Clavate 
Equal 
Free 
Present 
Absent 
iiany 
Overlap 
Absent 
Slightly radial 
Dumbbell, 
Cross 
Rhombic 
x=S,10, small 
Simple 
One 
Ko inhibition 
Broad, 
recurved 
Filiform 
Equal 
Truncate, with Truncate, with 
vascular tissue vascular tissue 
Tropical, 
warm 
Tropical, 
warm 
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If a character of supposed taxonomic significance at a tribal or sub-
familial level is not constant within generic limits, major emphasis on this 
character in delimiting tribes and subfamilies may result in unnatural group­
ings. This study was undertaken to provide additional data concerning intra-
generic variation of the new characters through an examination of the spe­
cies of a genus with respect to these characters. 
Three factors were considered in the selection of a genus for the pre­
sent study. First, as the objective was to study intra-generic variation, 
the genus should be natural so that the results would not be confused by a 
lack of phyletic unity among the species of the genus. Second, since a 
large number of characters were to be studied, the size of the genus should 
be such that an investigation of this nature was pratical. However, the 
genus could not be so small that size alone would greatly affect the value 
of the results. Finally, the genus selected should be one where there was 
a good probability that material from most, if not all, species could be 
obtained. 
The genus Ehalaris was selected for study. According to Anderson 
(1961) the genus has fifteen species and from all available evidence is a 
phyletic unit allied with the festucoid grasses. In addition many of the 
species have been studied from an agronomic standpoint and viable caryopses 
of these species were readily available. 
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CERCMOSOLE- 27UHBSR AKD SIZE 
The systematic value of grass chromosomes was first recognized by 
Avdulov (1931). Through compilation from earlier literature and personal 
observation of over 200 different grasses, he obtained data on almost 700 
species and subspecies. He concluded that the relative size and basic 
number of chromosomes were of considerable taxonomic importance. He showed 
that relationships inferred from chromosomal data were confirmed by asso­
ciated differences in leaf structure, starch grains, geographic distri­
bution and morphology of the first seedling leaf. 
Avdulov proposed a system of clas sification in which the Gremineae 
were divided into two subfamilies : the first (Sac'charif erae ) containing 
the tribes having small chromosomes and a basic number of x = 9 or 10; the 
second (Poatae) was divided into two series, one (Festuc if ornes) including 
the tribes with x = 7 and large chromosomes, the other (Phragmitiformes) 
containing the tribes with small chromosomes and a basic number of x = 12. 
Subsequent studies by various workers have shown that basic numbers 
such as x = 4, 5, 6, 3, 11, 13, 15 and 17 occur in the family and that 
chromosomal size varies from small to medium to large (Tateoka, 1960a). 
Also, both basic number and size may vary within a genus: in Brachypodium, 
the chromosomes of certain species are large while those of other species 
are intermediate in size (Stebbins and Cranpton, 1961); in Fhalaris, basic 
numbers of x - 6 and x = 7 occur (Avdulov, 1931; Anderson, 1961). 
Tn addition, Tateoka (1960a) notes that Blepharidachne has medium size 
chromosomes with a basic number of x = 7 which indicates an affinity to 
festucoid grasses. In respect to other characters, it is a typical chlorid-
8 
oid grass. Apparently a festucoid chromosome type nay he derived from the . 
type possessed by the "ancestors" of certain chloridoid grasses. 
Although the variation known to occur in the grasses prevents a mechan­
ic al usage of chromosomal data alone to determine relationships and erect 
tribes and subfamilies, such data are still considered to be very valuable, 
when used in conjunction with other characters. Recent classifications 
utilizing data from a .number of the new characters indicate that most of 
the genera in a major group are similar in chromosomal features; the 
festucoids have large chromosomes with a basic number of x = 7, the chlori-
doids have small chromosomes with x = 9 or 10. and the pani.coids have x = 9 
or 10 and small chromosomes (Stebbins, 1956; Stebbins and Crampton, 1961; 
Tateoka, 1952a). 
Materials and methods 
Chromosomal data for all species of Phalaris except P. amethystina end 
P. aaderensis had been reported prior to this study. Consequently the only 
determinations made were for these two species. 
The chromosome number of P. maderensis was determined by a study of 
meiosis in squashes of pollen mother cells stained in proprio-carmine. 
Inflorescences just emerging from the surrounding leaf sheath were removed 
from plants growing in a greenhouse and used for cytological study. 
The chromosomes of P. amethystina were observed in squashes of root 
tips which had previously been placed in a 0.02%% solution of Actidione for 
seven hours to shorten the chromosomes. After removal from the Actidione 
solution, the root tips were fixed in 3:1 acetic-alcohol, hydrolyzed in 
lu 201 and placed in Feulgen stain. 
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Permaaent slides of material from both species were made using the 
freeze method of Bowen (1956). Voucher specimens of all species of Phalaris, 
are deposited in the Iowa State University herbarium. 
Results 
P. amethystina was found to have a 2N number of 14, P. maderensis a 
2ÎÎ number of 28. Drawings of the configurations observed are given in 
Plate 1, a, b. These drawings were made with the aid of a Zeiss drawing 
apparatus as were all other drawings presented in this work. For reference, 
data on the other species of the genus are presented in Table 3. This: 
information was taken primarily from Anbastha (1956) and Anderson (1961). 
Discussion 
The x = 6 chromosome number of certain species of Phalaris is con­
sidered to be derived from the x = 7 type found in the other species (Avdulov, 
1931; ' Ambathsa, 1956; Anderson, 1963^ The exact mechanism involved in this 
reduction is not clear (Anderson, 1961). Although there is same variation 
in chromosome length among the species of Phalaris, this does not appear to 
be highly correlated with differences in the basic number (see Table 2). 
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Table 3. Chromosone numbers and sizes observed in Phalaris 
Species Length, in nierons 2n Ref 
Hitotic Diakinesis^ ITumber for 
lietaphase^ l-Iuniber 
P. amethystina 14 Present author 
Watson 448, 
(I.S.U.) 
p. angusta 2.9 - 7.1 ca. 4 - 7 14 Anderson *(1951) 
p. aauatica — c&. 5 - 7 28 Anderson (1951) 
p. arundinacea 3.4 — 7.5 ca. 5 14, 
31, 
42 
27 -
35, 
Anderson (1551) 
p. brachystachys 4.2 - 7.5 ca. 5 - 10 12 Anderson (1961) 
p. calif omica 3.5 - 7.1 — 23 Anderson (1951) 
p. cânariensis 4.2 - 7.1 ca. 5 - S 12 Anderson (1951) 
p. caroliniana 2.S - 5.5 — 14 Anderson (1951) 
p. coerulescens 2.S - 3.6 ca. 
4.5 
2. ,4 - 14 Anderson (1961) 
p. lezzsonii — ca. 3 - 5 14 Anderson (1951) 
p. naderensis 28 Present author 
Watsen 447, 
(l.S.û.) 
p. minor 2.3 - 6.1 ca. 3 - 7 28, 29 Anderson (1961) 
p. paradoxa 3.6 - 5.5 ca. 3 - c 14 Anderson (1951) 
p. platensis 3.4 — 5.6 14 
55 
Anderson 
Bovrden à 
(1952) 
(1961) 
Seen 
p. truncata 4.1 - 6.1 ca. 4 - S .12 Anderson (1961) 
aAnderson (1961). 
*3Àmbathsa (1956) . 
Plate 1. Chromosomes, starch, grains, pulvinus, root-hairs, hilum, 
ligule and seedlings of Phalaris species 
a. Chromosomes from root tir> cell of P. amethystina, 
2n = 14 " 
b. Chromosomes from pollen mother cell of P. naderensis, 
2n = 28 
c. Starch grains from a caryopsis of P. canariensis 
d. Modal region of P. aquatica showing leaf pulvinus 
e. Rows of epidermal cells of P. canariensis showing root 
hairs; apex toward left 
f. Caryopsis of P. naderensis showing hilum 
g. Junction of leaf blade and sheath of P. coerulescens 
showing ligule 
h. Seedling of P. aquatica from a caryopsis treated with. 
I.P.C. ~ 
i. Seedling of P. aquatica from a caryopsis not treated 
with I.P.C. 
Scale given below Figure "b" refers to Figures "a™, "b°, and "c" 
only. 
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EMBRYO 
Our present concepts of the significance of embryo characters are 
"based on the work of Reeder (1957), "who studied caryopses of some 300 
species from more than 150 genera. Reeder noted four characters "believed 
to be of major significance: (a) the course of the vascular system 
(•whether the trace to the scutellum and first leaf diverge at the same 
point or are separated by an intemode ; in other words -whether a mesocotyl 
is present or absent); (b) lower part of the scutellum (free cr fused to 
the coleorhiza); (c) epiblast (present or absent); and (d) cross section of 
the first embryonic leaf (few bundles and margins which meet, or many bun­
dles and overlapping margins). The size of the embryo in relation to the 
caryopsis was also felt to have taxonomic value. In most cases, these 
characters correlated with those of the epidermis, leaf anatony and chro­
mosomes. 
Reeder recognized six embryo types: festucoid, panicoid, chloridoid-
eragrostoid, bambusoid, oryzoid-olyroid and arundinoid-danthonioid. The 
characteristics of the festucoid, panicoid and chloridoid-eragrostoid types 
are given in Table 4. Reeder examined one species of Phalaris (P. 
arrmdi-nAcea) and found it had a festucoid embryo. 
Some variation among the embryos of the species of a particular genus 
was noted. In Chloris, one species had overlapping margins, the other 
three species studied had margins which met. One of the two species of 
Brachypodium studied had an epiblast, the other did not. Reeder considered 
intrageneric differences in one of these two characters to be of minor 
taxonomic significance when the other characters were in agreement. 
Table 4. Characteristics of three major embryo types8. 
Type Characteristics 
mesocotyl absent; epiblast present; scutellum fused 
to coleorhiza: first embryonic leaf with few bundles, 
margins which meet; embryo small in proportion to the 
caryopsis 
mesocotyl present; epiblast absent; scutellum free 
from coleorhiza; first embryonic leaf with many bundles, 
overlapping margins; embryo large in proportion to the 
caryopsis 
mesocotyl present; epiblast present; scutellum free 
from coleorhiza: first embryonic leaf with few bundles, 
margins which meet; embryo relatively large in pro­
portion to the caryopsis . 
^Compiled from Reeder (1957). 
Materials and methods 
Mature dry caryopses of each species were boiled in distilled water for 
five minutes to kill the embryos and then soaked overnight. The caryopses 
were dehydrated in a butyl alcohol series, embedded in paraffin end sectioned 
at 10 mu on a rotary microtome. The details of the procedures followed from 
dehydration to sectioning are given in Sass (1958). 
The embryos were too small to be easily dissected out of the caryopsis 
end removal of the upper half of the caryopsis increased penetration during 
dehydration and paraffin infiltration. 
As the characteristics of the first leaf cannot be determined in longi­
tudinal sections, both longitudinal end transverse serial sections, stained 
with safrenin and fast green, were studied. 
Festucoid 
Panicoid 
Chloridoid-
Sragrcstoid 
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Results 
Drawings of the longitudinal and transverse aspects of the embryo of 
each species of Phalaris are given in Plate 2. All species are festucoid 
(sensu Reeder, 1957 and Stebbins and Cram.pton, 1961) and there is no vari­
ation of the characters studied with the exception of the number of bundles 
in the first leaf. Certain species have three, others have five. 
Discussion 
The variation in the number of bundles between species in the genus 
Phalaris is apparently of no major significance as it was not accompanied 
by overlapping margins. Reeder (1957) does not consider -the bundle number 
and condition of the margins separately. His illustrations show first 
embryonic leaves which he considered to be festucoid with either three or 
five bundles, while illustrations of leaves considered to be panicoid show 
from 5 to 19 bundles. 
The lack of any variation of major significance in the embryo charac­
teristics of the genus Phalaris is additional support for the use of this 
complex of characters in delimiting tribes and subfamilies. 
Plate 2. Embryos of Phalaris 
a. P. amothystina Trirt. 
b. P. an gust a Moos ox Trin. 
o. P. aquatica L. 
d. P. arundinaooa L. 
e. P. brachystaohys Link. 
f. P. oalifornica Hook, and Arn. 
g. P. canariensis L. 
h. P. caroliniana Walt. 
i. P. coerulescens Desf. 
j. P. lemmonii Vasey 
k. P. madoronsis (Menezes) Menezes 
1. P. minor Retz. 
m. P. paradoxa L. 
n. P. platensis Henrard ox Koukels 
o. P. truncata Guss. 
Figures of longitudinal sections of the embryo crnd cross sections through the first 
embryonic leaf approximately 30Xj figures of longitudinal sections of the caryopsis approxi­
mately 7X 
o> 
o 
o 
o 
o 
o 
o 
LX 
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3PHD2RUIS 
The features of the grass epidermis, particularly that of the leaf, 
were examined by Prat (1932). He postulated that the shape of the silica 
bodies which occur in certain specialized cells along with the shape of 
the stomata (i.e., the outline of the subsidiary cells) and the presence 
and shape of bicellular hairs were of great importance in defining tribes 
or groups of tribes. These characters were found to be correlated with 
those of the chromosomes and leaf anatomy proposed by Avdulov (1931). 
Prat (1936) later published a classification utilising epidermal characters 
in conjunction with those suggested by Avdulov. 
Since Prat's publications, the epidermal features of the leaf blade 
have been widely studies and used in grass classification (Prat, 1960; 
Hubbard, 1948; Stebbins, 1956; Metcalfe, 1960; Stebbins and Crasrpton, 1961). 
The characteristics of the three major groups of grasses may be summarized 
as follows i 
Festucoids - silica bodies rounded to elongate with smooth or 
sinuous outlines; bicellular hairs absent; stonata 
ovoid or oblong 
Paaicoids - silica, bodies cross- or dumbbell-shaped; bicellular 
hairs present, filiform; stomata rhombic 
Chloridoids - silica bodies in the form of a saddle- or a double ax-
blade, less often dumbbell-shaped; bicellular hairs 
present, usually clavate; stomata rhombic 
The epidermis of Phalaris was considered to be festucoid by Prat (1936) 
and Anderson (1961). Metcalfe (i960) observed silica bodies which approached 
a dumbbell shape in P. canariensis. 
Materials and methods 
The ab axial epidermis of the leaf blade, midway between the apex and 
the base, was studied in all species of Phalaris. Only blades from the 
first leaf below an inflorescence were utilized. 
The preparation of the epidermis for study was done in the following 
manner: 
(a) a blade, previously stored in FAA, was placed on a microscope 
slide with the ab axial epidermis down. 
(b) the upper epidermis and mesophyll tissue were scraped away with 
a razor blade and the ab axial epidermis transferred to 7Q% ethyl 
alcohol and run dcran to water through a graded alcohol series 
(c) the material was then stained in a modification of Uayer's 
Hemalum (Sass, 1958, p. 57) for one hour 
(d) after washing in alkaline tap water, the epidermis was placed in 
a methylene blue solution (100 water, 10 potassium, alum, 1 
methylene blue) for 15 minutes, run up to xylene through a 
graded alcohol series and mounted in Canada balsam. 
Results 
Some of the variation in the shape of the stomata and silica bodies 
noted in each species is shown in Plate 3. In the genus as a whole the 
stomata were predominately ovoid, but oblong stomata were relatively common 
and occurred intermixed on the same blade with ovoid stomata. In P. 
lsTtmnni j, some stomata were almost circular in outline. 
The shape of the silica bodies varied considerably but no saddle-, 
double ax-, cross- or dumbbell-shaped bodies were observed with the possible 
Plate 3. Silica bodies and stomates of Phalaris 
a. P. amethystina 
b. P. angusta 
c. P. aquatica 
d. P. arundinacea 
e. P. brachystacby: 
f. P. calif omica 
& •  P. canariensis 
h. P. caroliniana 
i. P. coerulescens 
P. leranonii 
k. P. naderensis 
1. P. minor 
a. P. •oaradoxa 
n. P. platensis 
o. P. truncata 
All figures approximately 285% 
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exception of certain bodies occam'ng in P. brachystachys and P. canariensis. 
In these species, bodies which closely approach a dumbbell shape were found 
intermixed with those of other shapes. 
Ho bicellular hairs or rhombic stomata were observed in any species of 
Phalaris. 
Discussion 
The absence of bicellular hairs and rhombic stomata is in conformity 
with the characteristics suggested for festucoid grasses. However, the 
presence of silica bodies "which closely approach a dumbbell shape is not 
a commonly observed feature in festucoid grasses. 
Metcalfe (I960) reported that rhombic stomata in panicoid grasses were 
often accompanied by ovoid stomata on the same leaf. In Pan-îcum clandestine 
(panicoid) he found the stomatal shape to vary from ovoid to only slightly 
rhombic. Lrtra-generic variation in the bicellular hair shape was noted in 
Sragrostis by Tateoka et al. (1959) -who reported that certain species have 
hairs of an essentially panicoid shape rather than the expected chlcridoid 
shape. 
This variation of epidermal features shows that consideration of an 
individual character may be confusing or even misleading. The observance 
of "dumbbell-like" silica bodies in tvro of the fifteen species of Phalaris 
and the occurrence of "panicoid" bicellular hairs in the genus Bragrostis 
both point out the desirability of examining more than one species of a 
genus before reaching a conclusion, concerning the tribal or subfamilial 
relationships of the genus. 
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FIRST SEEDLING LEAF 
The systematic significance of certain seedling characters was advo­
cated "by Avdulov (1931), tnho recognized two basic "types of grass seedlings : 
one type having a narrow, linear, erect first leaf, the other possessing a 
broad, lanceolate, recurved first leaf. Prat (1936) further discussed the 
seedling types proposed by Avdulov but used a ratio of the length of the 
first leaf to the width to distinguish the types. Prat's data on some 
fifty species indicate that festucoid grasses have a narrow, erect first 
leaf with length/width ratios of 40 to 160; panicoids have a broad recurved 
first leaf with ratios of 5 to 20; and chloridoids possess a recurved first 
leaf which is intermediate in width having ratios of 3 to 40. The four 
species of Phalaris studied by Prat had narrow erect first leaves with 
ratios of 50 to 100. 
Recently Kuwabara (1960) examined the characteristics of the first 
seedling leaf in 33 species from 26 genera. The festucoid species studied 
had erect, generally linear first leaves with length/Width ratios of 10.3 
to 106. The panicoid species had recurved blades with ratios of 1.3 to 12 . 
but the shape varied widely, one species (Paspalum thunbergii) having a 
linear leaf. Leaf shape was also found to vary among the chloridoid species 
as was the leaf position; the leaf shape ranged from linear to oblong lan­
ceolate, the position from erect to horizontal and the ratios varied from 
3.7 to 15.5. Kuwabara did not feel that the wide variation within or the 
overlap between major groups destroyed the taxonomic significance of first 
leaf characters but merely showed they must be used in association with 
other characters. 
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Materials and methods 
Caryopses of the various species of Phalaris -were germinated simul­
taneously in soil-filled pots in the greenhouse. Five individuals of each 
species were examined to determine the shape, position, length and -ma-H-mim 
width of the first leaf "blade. The length and width were determined after 
the second leaf had appeared but before the emergence of the third leaf. 
Measurements were made with an ocular micrometer and the length/width 
ratios of the individual leaves calculated. 
Results 
The shape, position and length/width ratios of the first seedling leaf 
in the different species of Phalaris are reported in Table 5. A seedling 
of P. tuber osa is shown in Plate 1, i. Although the shape and position of 
the first seedling leaf were found to be uniform throughout the genus, 
there was variation in the length/width ratios : the highest average ratio 
(average of five individuals) was 126 (P. arundinacea) "while the lowest 
was 44 (P. californica) ; the highest ratio noted for an individual seedling 
was 145 (P. arundinacea), the lowest was 32 (P. calif ornica). 
There was also much variation in the length/width ratios among individ­
uals of the same species; for example, ratios of 58, 62, 76, 83, and 106 
were calculated for individual seedlings of P. truncata. The length of 
that part of the second leaf which was exposed above the coleoptile apex 
in these seedlings was 1.4 cm, 8.8 cm, 11.1 cm, 0.2 cm and 7.7 cm, respect­
ively. Consequently, the length/width ratio dees not appear to be highly 
correlated with the development of the second leaf. 
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Table 5. Features of the first seedling leaf in Phalaris 
Species Shape Position Length/ïîidtha 
P. aaetbystina linear erect 68 
p. aquatica linear erect 73 
p. angusta linear erect 99 
p. arundinacea linear erect 126 
p. brachystachys linear erect 111 
p. canariens is . linear erect 92 
p. californica linear erect 44 
p. Carolinian a. linear erect — 
p. coerulescens linear erect 103 
p. lenmonii linear erect 85 
p. zKiderensis linear erect — 
p. •minor linear erect 71 
p. paradoxa linear erect 89 
p. platensis linear erect 40 
p. truncata. linear erect 77 
aThe length/width ratios represent averages of five individuals of 
each species except the ratio given for P. platensis -which represents the 
ratio of a single individual. 
26 
Discussion 
The constancy in shape and position of the first leaf among the 
various species of Phalaris provides no evidence indicating that the 
value of these characters at a tribal or subfamilial level nay be limited 
by intra-generic variation. Although the length/width ratios varied 
widely between species, all ratios fell within the festucoid limits of 
both Prat (1936) and Kurabara (i960). This also provides no indication 
that the first seedling leaf may vary from very narrow to very broad within 
the same genus. 
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•S2RI£II'IA?I0!T RESPCIÎS2 TO J.P.C. 
Grass germination responses following treatment with. I.P.C. (isopro-
pyl-n-pheny 1 carbamate) were postulated to be of systematic significance 
by Al-Aish and Brown .(1958), -nho studied the effect of various I.P.C. con­
centrations on the germination of 46 species from 44 different genera. The 
germination of the species which were festucoid on the basis of leaf.anatomy, 
epidermis, and chromosomes was completely inhibited by treatment with a 
0.05yb aqueous solution of I.P.C. The same treatment did net seriously in­
hibit any of the panicoid or chloridoid species. It was suggested that 
this treatment could be used to determine the affinities among genera. 
lïo species of Phalaris was tested at the 0.05% concentration by Al-Aish 
and Brown-. 
Materials and methods 
The germination response of the various species of Phalaris was studied 
by germinating caryopses treated with. I.P.C. simultaneously with untreated 
caryopses. The 0.05/î I.P.C. treatment suggested by Al-Aish and Brown (1958) 
was used. This treatment is discussed in detail by Al-Aish (1956) and con­
sists essentially of soaking- dry caryopses in a 0.05% aqueous I.P.C. solu­
tion for 24 hours, followed by thorough washing in distilled water and 
germination in Petri dishes on filter paper moistened with water. 
The I.P.C. solution was prepared by dissolving a weighed amount of the 
chemical (obtained from K and K Laboratories, Jamaica, E. Y. ), which is 
nearly insoluble in water, in a small quantity of absolute. ethyl alcohol. 
This solution was then mixed rapidly with the volume of water necessary to 
give a 0.05/o solution of I.P.C. Al-Aish (1956) did not specify the percent 
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alcohol in the 0.05% solution, mentioning only that a .0047% solution was 
approximately 1=25% alcohol. 
The I.P.C. solution used in the present study contained 5% alcohol by 
volume. The effect of exposure to alcohol on the germination was studied 
in eight species of Phalaris. Aqueous solutions of 0^, 5%, and 1CÇS alcohol 
by volume were employed. Fifty caryopses of each species were soaked for 
24 hours in each of the solutions, washed and germinated in Petri dishes in 
a 25°C germinator having a 12 hour day. 
Two consecutive tests were employed in determining the effect of I .P.C. 
In the first test, the solution of I.P.C. in alcohol was mixed with water 
on a magnetic mixer. For each species, one hundred caryopses were soaked 
in 150 ml. of the I .P.C. solution. One hundred caryopses of each species 
were also soaked in 150 ml. of a 5^» alcohol solution. After washing, all 
caryopses were treated with the fungicide "Arasan™. 
The second test was similar except the I.P.C.-alcohol solution was 
rapidly poured into the water while stirring slowly by hand. Only 50 
caryopses per 50 ml. of the solution were used in this test and no fungi­
cide was applied. 
Both tests were exposed to room conditions of light and temperature 
»w<3 moisture was maintained as needed by the addition of distilled water. 
Results 
The effect of alcohol on germination is shown in Table 6. There was 
no apparent effect on the germination of P. angusta, P. canariensis, P. 
aquatica, P. arundinacea and possibly P. paradoxa at the 5% level. The 
germination of P. brachystachys, P. coerulescens and P. minor seemed to 
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Table 6. Effect of a 24 hour immersion, in various aqueous solutions of 
ethyl alcohol on subsequent caryopsis germination in Phalaris 
% Germination (4/15/65 - 5/17/65) 
Species 0% ETOE 5% BTOH 10% BTOE 
P. aquatica 78 84 32 
p. angusta 86 38 92 
p. arundinacea 86 92 60 
p. brachystachys 80 16 6 
p. canariensis 98 100 94 
p. coerulescens 98 84 72 
p. •minor 86 66 44 
p. paradoxe. 100 90 64 
be reduced at the 5% concentration as was the germination of all species 
except P. angusta and P. canariensis at the 10% concentration. Although 
development was slightly retarded, seedlings from alcohol treated caryopses 
were similar in appearance and viability to those from untreated caryopses. 
The results of the first I.P.C. test are given in Table 7. Seven of 
the 14 species tested showed same germination after treatment with I.P.C., 
ranging from 1% (P. minor) to 66% (P. canariensis). The seedlings pro­
duced were abnormal, having a much swollen coleoptile and a very short 
radicle. All eventually died, none developing past the stage shown in 
Plate 1, h. A seedling of P. aquatica from a caryopses not treated with 
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Table 7. Effect of 24 hour immersion in .05% I.P.C. (in 5% alcohol) on 
subsequent eeryopsis germination in Phalaris 
% Germination8-
Species 4/24/63 - S/lO/63 6/9/63 - 7/17/63 
. 0% I.P.C. .05% I.P.C. 0% I.P.C. .05JS I.P.C. 
P. amethystina 38 2 2 0 
P. aquatica 82 23 58 44 
P. angusta 72 29 26 0 
P. arundinacea 67 13 48 20 
P. brachystachys 40 0 8 2 
P. californica 20 . 0 8 0 
P. canariensis 97 66 58 50 
P. caroliniana 1 0 - -
P. coerulescens 90 0 10 0 
P. lemmonii 97 0 84 2 
P. maderensis - - - -
P. minor 74 1 10 0 
P. paradoxa 83 21 6 6 
P. platensis 0 0 0 0 
P. truncate. 4 0 10 0 
^Data is not comparable between the two tests due to variation in the 
I.P.C. concentration during the immersion periods and the severe fungal con­
tamination in the second test. 
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I.P.C. is illustrated in Plate 1, i. 
In. the second test (Table 7) 6 of the 13 species germinated after 
being treated with I.P.C. Germination ranged from 2% (P. lenmonii, P. 
bracbystachys) to 50% (P. canariensis). Four of these (P. aquatica, P. 
arundinacea, P. canariensis, P. paradoxa) also germinated in the first 
test. Seedlings from treated caryopses were similar in appearance and 
development to those in the first test. 
Discussion 
In the first I.P.C. test, crystals of I.P.C. were noticeable several 
hours after immersion of the caryopses in the solution. At the end of 24 
hours numerous crystals were present. Attempts to completely remove the 
crystals while washing the caryopses were not successful. In the second 
test only a very few crystals were evident after the immersion period and 
these were removed by decanting. 
The changes in the concentration of the I.P.C. solution during the 
immersion period and the presence of I.P.C. crystals on the filter paper 
in the first test prevent any direct comparison of germination percentages 
between the two tests. In addition severe fungal contamination of the 
second test was partly responsible for the generally lower germination per­
centages in that test. 
The present study indicates there is variation among the species of 
Phalaris in their sensitivity to I.P.C. ' This does not invalidate the 
proposed taxonomic significance of germination responses to I.P.C. In 
Al-Aish and Brown's study (1958), no treated caryopses of festucoid grasses 
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germinated after I.P.C. treatment but seedlings from treated caryopses cf 
panicoid and chlcridoic grasses "rare normal in appearance and capable of 
surviving. The sensitivity of the species of Phalaris which did germinate 
is still greater than that of panicoid and chloridoid grasses as shown by 
the eventual death of the abnormal seedlings. 
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Enrni 
There is no recent study of the correlation between the shape of the 
hilum (linear or punctiform) and the newer characters such as those of 
the embryo, leaf anatomy end epidermis although hilar shape has been thought 
to be teconomically important for a number of years. The possible signi­
ficance of hilar shape was noted by Bentham (1C81). A few years later, 
Eackel (1890) used it in the separation of tribes. Recently, Hubbard (1948) 
has made some use. of hilar shape in classification. 
In illustrating the characteristics of various subdivisions of the 
grass family, Stebbins (1955) included drawings of the caryopses which 
showed the shape of the hilum in each group (punctiform in panicoid end 
chloridoid grasses, linear in festucoids). In a later publication, Stebbins 
and Crampton (19 Si) listed the hilum as a character of moderate importance 
in classification at a tribal and subfamilial level. 
Materials and methods 
In determining the shape of the hilum, mature, dry caryopses of all 
species of Phalaris were examined under 301 magnification. 
Results 
Hilar shape was found to be linear in all species of Phalaris. An 
illustration of the hilum of P. maderensis is given in Plate 1, f. 
^This term is not used in the true botanical sense. As used here, it 
denotes a mark on the surface of the caryopsis, opposite the embryo, which 
supposedly reflects the attachment of the ovule to the ovary wall (Eackel, 
1890). 
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Discussion 
As the shape of the hilum is uniform throughout the genus Phalaris 
this study does not provide any evidence indicating limitations of this 
character nhen used at levels above that of genus. 
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HTERÏÏODE 
• -The internodes of 133 species from 80 genera of grasses "were examined 
by Brown et al. (1959a). Data on an additional 57 species and 5 genera 
"were obtained from the literature. They found that most of the festucoid 
grasses (including three species of Phalaris) studied had hollow internodes 
"while the majority of the panicoid and chloridoid grasses had solid inter­
nodes. It "was concluded that the hollovmess or solidness of the internodes 
had seme taxonomic significance. 
Materials and methods 
A flowering culm from each species of PhalÊris was collected from 
plants grown in a greenhouse and stored in FAA until examination under 1QX 
magnification. Each intemode of the culm (except greatly shortened basal 
internodes) "was examined. 
Results 
internodes examined from all species of Phalaris were found to be 
hollow. 
Discussion 
Although there was no variation within the genus Phalaris., Brown et 
al. (1959a) found that certain species of the following genera had hollow 
internodes while other species of the same genera had solid internodes; 
Poa, Cenchrus, Panicum, Setaria, Leptochloa, Bragrostis, Muhlenbergia and 
Oryzopsis. Due to the rather widespread variation of this character within 
generic limits, it appears to be of little importance insofar as the delimi-
tation of tribes and subfamilies is concerned. 
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LEAF &SÉ20HI 
Two basic types of leaf anatoiry (as seen in cross section) -mere recog­
nized by Avdulov (1931) : [type I has a thick walled sclerenchyma sheath 
(mestome sheath) around the xylem end phloem, surrounded by a poorly devel­
oped parenchyma sheath and irregularly arranged mesophyll cells; Type II 
had a reduced mestome sheath, a well developed parenchyma sheath end 
radially arranged mesophyll cells. Prat (1935) referred to Type I as the 
"festucoid type" and Type II as the "panicoid type". Subsequently, Stebbins 
(1956) illustrated four basic types: festucoid, panicoid, chloridoid and 
bambusoid. 
The principal recent work on leaf anatomy and systematic s is that of 
Brown (1958) -mho studied leaf cross sections of 101 species from 72 genera. 
He considered the following characters to be taxonomically significant: 
(a) presence or absence of the mestome sheath, (b) number, prominence and 
size of cells in the parenchyma sheath, (c) presence or absence of plastids 
in the parenchyma sheath end, if present, their characteristics in com­
parison to those of the mesophyll, (d) the arrangement of the mesophyll 
cells. Various combinations of these characters were found end six major 
types of leaf anatomy were described: festucoid, panicoid, chloridoid, 
bambusoid, arundoid, and aristidoid. 
Metcalfe (i960), after a survey of 345 genera proposed additional 
characters : the outline of the xylem and phloem, the spacing of the bun­
dles and the number of bundles in the midrib. 
The characteristics of the festucoid, panicoid, and chloridoid types 
are given in Table 8. Phalaris was considered to be festucoid by Prat 
(1936), Brcrim (1958) and Metcalfe (i960). 
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Table 8. inatomical characteristics of the leaf in three major groups of 
grasses8. 
Group Characteristics 
Festucoid 
Panicoid 
Chloridoid 
mestome sheath present; parenchyma sheath single, 
indistinct; plastids of parenchyma sheath similar 
in size to those of mesophyll, starch-forming 
(unspecialized); mesophyll irregular, cells not 
long and narrow, plastids form starch; xylem and 
phloem outline not angular; midribs with one or 
a few "bundles; bundles widely spaced 
mestome sheath typically absent; parenchyma sheath 
single; plastids of parenchyma sheath larger than 
ones in mesophyll, starch-forming (specialized); 
mesophyll irregular to radial, plastids do not 
form, starch; xylem and phloem outline angular; 
midrib with a number of bundles; bundles closely 
spaced 
mestome sheath present at least on the larger 
bundles; parenchyma sheath single; plastids of 
parenchyma sheath specialized; mesophyll radial, 
plastids do not form starch, cells long and 
narrow; xylem and phloem angular in outline; 
midrib with a number of bundles; bundles closely 
spaced 
^Compiled from Brown (1958) and Metcalfe (i960). 
Intra-generic variation of certain characters is known. Brown (1958) 
notes that within the genus Panicum (panicoid), some species have a mestome 
sheath around the larger bundles. Also the rosette leaves of Panicum 
T TT»rhftTTnftri lack the specialized plastids in the parenchyma sheath. 
Metcalfe (i960) describes the genus Panicum as having mesophyll which is 
distinctly radiate in some species, inconspicuously radiate in others. 
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The genus Andropogon (panicoid) was found to contain species with one 
vascular "bundle in the midrib, others containing a number of bundles in 
the midrib. In A. schirensis the outline of the xylem and phloem varies 
from not conspicuously angular in outline to inconspicuously angular in 
outline while in A. amplectens the outline is conspicuously angular. 
Materials and methods 
Living material of all species of Phalaris was available for study. 
The first seedling leaf from three individuals of each species was fixed 
in FAA, imbedded in paraffin, sectioned at 12 mu and stained with safranin 
and fast green. The details of these procedures are given in Sass (1958). 
In addition to studying microtome sections, fresh green leaves of each 
species were boiled in water then heated in 95% ethyl alcohol to remove the 
chlorophyll. Hand sections were made with a razor blade and placed in a 
3 drop of IgEI solution for study of the location of starch formation. The 
leaves were removed from the plants between 3 and 4 P.M. Data from par­
affin sections were confirmed by hand sections. 
Results 
Descriptions of the anatomical characteristics of each species are 
given below: 
P. amethystina - mestome sheath present, inner tangential and radial 
— walls thickened; parenchyma sheath single, cells 
thin walled, not greatly enlarged in comparison to 
mesophyll cells; plastids of parenchyma sheath and 
mesophyll similar in size, starch being formed in 
%o other analyses were made an the material which stained blue with 
IgEI. The term "starch" is applied to this substance in conformance with 
the usage of Brown (1958) and Rhoades and Carvalho (1944). 
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both; mesophyll spongy, cells irregularly arranged; 
xylem and phloem not conspicuously angular in out­
line; midrib with a single vascular bundle; vascular 
bundles rather widely spaced. 
P. angusta — as above 
p. aquatica - as above 
p. arundinacea - as above 
p. brachystachys - as above 
p. californica - as above 
p. canariensis - as above 
p. car oil ni ana - as above 
p. coerulescens - as above 
p. lemmonii - as above 
p. maderensis - as above 
p. minor - as above 
p. paradoxa - as above 
p. platensis - as above 
p. truncata as above 
As the anatomical characters studied were uniform throughout the genus, 
the photomicrograph of P. anethystina (Plate 4) is representative of the 
genus. 
Discussion 
The uniformity of the genus Phalaris in regards to anatomical char­
acters of the leaf is in agreement with their proposed significance at the 
tribal and subfamilial level. Nevertheless, the previously known intra-
generic variation (see introduction) of certain characters shows individual 
characters may not always be a reliable indicator of affinity. 
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Plate 4. P. gmethystina. Cross section of a leaf showing a major vascular 
bundle (Photomicrograph courtesy of Dr. John S. Sass) 
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LEA? SUCCESSION 
Leaf succession is a recently proposed character -which has not been 
studied in detail. Stebbins (Stebbins and Crampton, 1961), in dissecting 
seedlings of Zea, Sorghum and Digit aria (panicoids), noted that the first 
two leaves are well developed and the third differentiated by the tine the 
shoot breaks through the colecptile; in Hordeum and Dactylis (festucoids) 
the second leaf does not start to elongate until the first leaf is almost 
sature» On the basis of these date, Stebbins suggests that leaf succession 
may be another character of importance in classification and possibly more 
reliable then the shape and position of the first seedling leaf. 
Materials end methods 
Seedlings in which the first leaf had just broken through the cole-
optile were dissected and the developmental state of the second leaf ob­
served under 30Z magnification. The length of the second leaf primordium 
was measured with an ocular micrometer. All species of Phalaris were 
examined except P. carolinisna, ?. maderensis and P. platensis. 
Results 
In all species studied, when the shoot had just broken through the 
coleoptile, the second leaf was represented by a non-chlorophyllous pri­
mordium less then 0.1mm in length. 
Discussion 
The slow development of the second leaf in Phalaris is in agreement 
with the condition observed by Stebbins (Stebbins end Crempton, 1951) in 
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other festucoid grasses. Although the value of leaf succession cannot 
he established until seedlings from aany additional genera are examined, 
the uniformity of this character in all of the species of Phalaris -which 
•were studied is in accord vdth the postulated tribal and subfamilial 
significance of this character. 
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LIGULE 
The characteristics of the ligule have been recognized as being system-
ically significant by such authors as Rendle (1930), Hubbard (194S) and 
Stebbins and Crampton (1961). Although the ligular features of most grasses 
are either known or easily ascertained there has been no extensive treat­
ment of ligular characters throughout the Gr amine ae. Consequently, the 
correlation of the characters of the ligule with these of the leaf epidermis 
and anaton&r, embryo and chromosomes has not been definitely established. 
Stebbins and Crampton considered the shape and ciliaticn of the ligule 
to be characters of moderate importance at a tribal or subfamilial level 
and noted that chloridoid grasses were characterized by a ligule "which "was 
either a ring of hairs or a hairy membrane. Ho mention was made of the 
ligular characteristics of festucoid and panicoid grasses. 
Materials and methods 
The characteristics of the ligules of each species of Phalaris were 
determined by examination under 30Z magnification. 
Results 
The ligules in all species of Phalaris were glabrous, membranous and 
basically identical. That of P. coerulescens, illustrated in Plate 1, g, 
is representative of the genus. 
Discussion 
The constancy of the ligule characteristics in the genus Phalaris 
provides no evidence indicating any limitations on the use of ligular 
characters at a tribal or subfamilial level. 
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LODICULES 
According to Tateoka (1960a), the systematic importance of lodicule 
features may have first been recognized by Erause (1909). Since that time, 
lodicule characteristics have been little used taxonomically in comparison 
to such characters as those of the embryo, epidermis, leaf anatomy and 
chromosomes. This has been due in part to a lack of knowledge concerning 
the characteristics of the lodicule s in the various groups of grasses. At 
present, there still is no comprehensive survey of the features of the 
lodicules in all the groups of the Gramineae. 
Stebbins (1956) published illustrations indicating there were four 
distinct types of lodicules: festucoid, bambusoid, chloridoid and panicoid. 
The characteristics of each type are given in Table 9. Later Seeder and 
Ellington (i960) suggested that in festucoid lodicules the thickened por-
Taile 9. Characteristics of different types of lodicule sa 
Type ' Characteristics 
festucoid two per floret; not vascularized; glabrous; 
apex of two pointed asymmetrical halves 
bambusoid * three per floret; vascularized; flat; hairy 
along margins; pointed apex 
chloridoid two per floret; vascularized; glabrous; 
truncate apex 
panicoid two per floret; vascularized; hairy along 
apex only; truncate apex 
^Stebbins (1956). 
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tion, 'nh.ich swells at anthosis and forces tl:e floret open, is basal and 
more or less rounded -while in truncate lodicules the thickened region ex­
tends from the base to the apex and is narrcurly oblong in shape. 
Although there was much variation in the shape of the lodicules among 
certain festucoid genera studied by Tateoka (1960b), the festucoid shape 
pictured by Stebbins (1955) was found to be the most common. In all the 
genera which were festucoid on the basis of chromosomes, epidermis, leaf 
anatomy and embryo anatomy, the lodicules wore more or less elongated, 
usually glabrous (rarely with a few hairs at the upper edge) and had no 
distinct vascular trace. Stebbins and Cramp ten (19Si) did not consider 
the presence or absence of hairs to be an important characteristic, but 
did regard the number, shape and vascularization as highly important char­
acters in the classification of tribes and subfamilies. 
Materials end methods 
Lodicules. were dissected from nature florets, placed in à drop of 
water on a microscope slide and studied under a compound microscope. The 
lodicules of all of the species of Phalaris were studied. 
Results 
A lodicule from each species of Phalaris is shown in Plate 5. Each 
species possessed two similar lodicules and no lodicules with a truncate 
apex or vascular tissue were observed. 
Discussion 
The uniformity of the genus Phalaris in regards to the number, shape 
and non-vascularization of lodicules provides additional evidence supporting 
the purported taxonomic significance of these characters at a tribal or sub­
familial level. 
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PISTIL 
The features of the grass pistil have been used taxonomically by 
various -workers (Hubbard, 1946; Church, 1949; Tateoka, 1960b). Eonrever, 
there has been, no comprehensive study of the Grsaineae to determine the 
correlation of pistil characteristics -with those of the chromosomes, leaf 
anatomy, epidermis and embryo. 
Tateoka (1960b) studied a number of festucoid genera and found that 
those -which -were closely related on the basis of chromosomes, leaf anatomy, 
epidermis and embryo possessed similar pistil characteristics. The pre­
sence of hairs on the ovary, the possession of certain modifications of 
the apex of the ovary and the number and length of the style branches -were 
considered to be systematically important by Tateoka. The only features 
of the pistil accorded taxonomic importance at a tribal or subfamilial 
level by Stebbins and Crempton (1961) were the number and shape of the 
stigma (style?) branches. 
Materials and methods 
Florets from each species of Phalaris -were collected at anthesis. 
The florets -were dissected and the pistil removed. JL compound microscope 
•was used to observe the characteristics of the pistils. 
Results 
Illustrations of the pistil of each species of Phalaris are given in 
Plate 5. Ito striking differences -were observed, each species having two 
rather long, distinct styles and a glabrous ovary. 
Plate 5. Pistils and lodicules of Ehalaris 
a. P. amethystina 
b. P. angusta 
c. P. aquatica 
d. P. arundinacea 
e. P. "brachystachys 
f. P. califomica 
S- P. canariensis 
h. P. caroliniana 
i. P. coerulescens 
J. P. lemmonii 
k. P. madereasis 
1. P. minor 
B. P. naradoxa 
II. P. olatensis 
0. P. truncata 
Figures of pistils approximately 5X 
Figures of lodicules approximately 30X 

• 
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Discussion 
If certain characteristics of the pistil are of major importance at 
a tribal of subfamilial level, one would expect the pistil of all species 
of a genus to be very similar in regards to these. This was found to be 
true in Phalaris. nevertheless, certain features are known to vary within 
a genus: for example, Hubbard (1854) showed that certain species of 
Festuca have a glabrous ovary, others have a ovary with a hairy apex. He 
also indicated that within the genus Festuca there may be two distinct 
styles or stigmas which are almost, if not, sessile. The systematic value 
of the features of the pistil will remain obscure until we have a more 
extensive knowledge of the characteristics of pistils throughout the 
Gramineae and their association with such tribal and subfamilial char­
acters as those of the chromosomes, leaf anatoay, epidermis and embryo. 
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FUL7BTT3S 
The swollen area -which occurs at the base of the interaodes of grass 
culms may be either a development of the base of the leaf sheath (sheath 
pulvinus) or the base of the intemode (culm pulvinus), or of both of these 
structures. The differential growth cf the pulvinus maintains the vertical 
position of grass culms (Eackel, 1890). 
After examining the nodal regions of some 80 genera and 133 species 
of grasses, Brcmn et al. (1959b) concluded that a highly specialized sheath 
pulvinus and no culm pulvinus are typical of the festucoid grasses while 
panicoid and chloridoid grasses are characterized by culm pulvini and a 
sheath pulvinus "which, if present, is poorly developed. 
Huch variation in pulvinal characteristics "was found by Brown et_ al. : 
For example, certain species of Penicum were found to have only culm pulvini, 
others have both culm and sheath pulvini while still others have only sheath 
pulvini. The same series of conditions occurs within the genus Paspalua. 
Other genera which are not uniform in regards to the pulvini include : 
Br omus, Cenchrus, Aaphilophis, Cymbopogon, Boute loua, Leptochloa, Sragrostis, 
Stipa end Oryzopsis. Variation was also reported among the species of 
Fhalaris; two species had only sheath pulvini while one species had a sheath 
pulvinus and a somewhat indefinite culm pulvinus. These genera include re­
presentatives of all three of the major groups of grasses. 
Materials and methods 
Three stem segments, each consisting of a node and about 2 cm of the 
intemode immediately above it, were collected from the mid-portion of a 
flowering culm. These segments were split longitudinally with a razor 
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"blade and examined under 301 magnification. All species of Phalaris were 
examined. 
Results 
All species of Phalaris were found to possess sheath pulvini. Ho 
culm pulvini were observed. An illustration of the nodal region of P. 
aquatica is given in Plate 1, d. 
Discussion 
Although no variation in pulvinal characteristics was noted among the 
species of Phalaris, intra-géneric variation is -widespread within the 
Gramineae (see introduction). Due to this variation, the features of the 
pulvinus seem to be of little importance in the delimitation of tribes and 
subfamilies. 
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ROOT-"AIR V373U3RŒ8X 
After studying representatives of eleven genera, Seeder and von 
lialtzahn (1953) suggested that three characters involving root-hair devel­
opment -mere taxonomically significant: (a) the size of the cells which give 
rise to root-hairs compared to the size of the other cells in the same longi­
tudinal row, (b) the angle at -which the hairs grown in reference to the root 
axis and (c) the position of the root-hair on the outer tangential -stall of 
the mother cell. Only trro combinations of these characters -mere observed. 
In the festucoids, long and short cells alternated in the individual rows 
of epidermal cells and root-hairs emerged only from the apical end of the 
short cells and grew at an acute angle to the longitudinal axis of the root. 
In the panicoids and chlcricoids, all cells were approximately the same 
size and apparently any cell in a longitudinal row could give rise to a 
root-hair. The root-hairs arose near the middle of the outer tangential 
•wall of the mother cell and grew at right angles to the longitudinal axis 
of the root. 
Investigation of a "wider variety of grasses (32 species, 68 genera) by 
Row and Reeder (1957) showed that additional combinations of the three char­
acters occurred, sometimes within the same genus. It was also found that 
the individual characters varied to some degree cn the same root tip. This 
variability showed that the position and angle were less reliable char­
acters than cell size. Nevertheless, the three characters, particularly 
cell size, were considered to be of some value in detecting misplaced 
genera and suggesting possible subfamilial relationships due to their cor­
relation with embryo structure, leaf anatomy and chromosome size and number. 
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Row and Reader examined only one species of Phalaris, P. arundinacea. 
This species was reported to have a typically festucoid root tip. 
Materials and methods 
Root tips of all species of Phalaris except P. caroliniana and P. 
aaderensis were examined. Caryopses of the various species were germinated 
simultaneously on moist filter paper in Petri dishes exposed to room tem­
perature and light conditions. The tips of the primary roots were removed 
and. placed in a aqueous solution of safranin for 15-50 seconds. After 
staining, they were placed in a drop of water on a microscope slide and 
examined under a compound microscope. 
Results 
3very species studied was found to have the same basic pattern in 
regard to cell size - an alternation of long end short cells with root-
hairs arising from the short cells. Some irregularity was encountered in 
each species; occasionally there were two successive cells without root-
hairs, more rarely two or three successive cells bearing hairs. 
The position of the hair was variable on the same root tip. Host 
hairs arose either at the extreme apical end of the cell or about a third 
of the way back. However, on any root tip there were some root-hairs ob­
served -which emerged near the middle of the outer tangential wall of the 
mother cell. The relative number of such hairs seemed to vary among root 
tips of the same species. 
The angle at which the hairs grew was also quite variable. On an 
individual root i.e., some hairs grew at acute angles -while others grew at 
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right angles to the longitudinal axis of the root. The predominant angle on 
a given root tip can be superficially determined by examination under 30X 
magnification. Examination of nine root tips of Phalaris canariensis re­
vealed that on three root tips the majority of the hairs grew at acute 
angles while most of the hairs on two other root tips grew at right angles 
to the longitudinal axis of the tip. The remaining tips seemed to have 
about equal numbers of hairs growing at each angle. Observation of ten 
root tips of P. lemrrionii showed that on six, hairs growing at right angles 
were predominant -while no particular angle seemed to be dominant on the 
other four tips. 
The variation in the position and angle of the root hairs occurred in 
every species studied. 
Drawings depicting individual, longitudinal rows of epidermal cells 
from the root tip of P. canariensis are presented in Plate 1, e. 
Discussion 
The observed variation of the three characters is in accord with that 
reported by Row and Reeder (1957) and supports their conclusion that cell 
size is the most diagnostic of the three characters, the other two appar­
ently being of minor texoncmic significance. 
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STARCH (SAUTS 
The systematic significance of the structural features of the starch • 
grains in the endosperm has recently been reexamined by Tate oka (1962b). 
After examining 756 species from 244 genera, he rejected the traditional 
concept (Hackel, 1890; Hubbard, 1948; Stebbins, 1956) of only two types 
of grains in the grasses, simple or compound. Instead, four types were 
recognized: Type I - simple grains, broadly elliptic or elliptic-round 
in shape; Type 2 - simple grains, hexagonal, pentagonal or round; Type 3 -
simple and compound grains in the same caryopsis; Type 4 - compound grains 
only in a given caryopsis. Five species of Phalaris were examined; each 
was found to have Type 4. 
Prior to Tateoka's work a good correlation of starch grains features 
with those of the chromosomes, epidermis and leaf anatomy was thought to 
exist: the festucoids and chloridoids having compound grains, the pani-
coids having simple grains (Stebbins, 1956). In a recent assessment of the 
value of various characters, Stebbins and Crampton (196l) rated starch 
grain structure as a character of moderate importance. 
According to Tateoka (1962b), starch grains of three types (Types 2, 
3, and 4) or two types (Types 2 and 3 or 2 and 4) sometimes occur among 
members of the same genus. Genera in "which such variation was found include 
Tridens, ^ run^'^ella, Panicum, Digitaria and Andropogon. It was concluded 
that differences among genera in regards to these types might be of minor 
value teconomically, but differences between Types 1 and 4 were considered 
systematically significant. 
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Materials and methods 
The apices of mature, dried caryopses were removed and the caryopses 
soaked in distilled water for 10 minutes. They were then cross-sectioned 
by hand with a razor blade and placed on a slide in a drop of dilute IgEI 
solution. A compound microscope was used to study the structural features. 
Results 
The type of starch grains (simple or compound) observed in each species 
of Phalaris are as follows: 
P. amethyst ina - compound, simple 
p. angusta - compound, simple 
p. aauatica - compound, no simple 
p. arundinacea - compound, no simple 
p. brachystachys - compound, simple 
p. calif omica - compound, simple 
p. canariensis - compound, simple 
p. Carolinians. - compound, simple 
p. coerulescens - compound, simple 
p. lemmonii - compound, simple 
p. maderensis - compound, simple 
p. minor - compound, simple 
p. paradoza - compound, simple 
p. platensis - compound, simple 
p. truncata - compound, simple 
The individual granules composing a compound grain are angular and do 
not seem to vary greatly in size within a caryopsis. The number of granules 
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per grain is very variable, grains having from 3 to 50 or more granules 
being observed in each species, "various sizes of grains are shown in 
Plate 1, c. 
Discussion 
The occurrence of compound grains in all species is in accord with 
Tateoka's study (1962b). The festucoid grasses, with the exceptions of 
Triticum and related genera, Bromus and Brachypodium, all possess compound 
grains. However, only one festucoid genus, Catapodrum, had both simple 
and compound grains in the same caryopsis; the five species of Phalaris 
studied (species' names not given) had only compound grains. 
It is possible the simple starch grains observed in the various species 
of Phalaris were fragments of compound grains caused by mechanical breakage 
during sectioning. It is also possible that some breakdown of compound 
grains may have occurred during the time the caryopses were immersed in 
water prior to sectioning. 
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STEM &FEL 
BroTO. et al. (1957) observed the stem apices of 44 species from 39 
genera and obtained information on an additional 13 species and 6 genera 
from a survey of the literature. They found that most of the festucoid 
grasses had two. tunica layers -while the majority of the panicoid and 
chloridoid species possessed only one tunica layer. Some exceptions -were 
noted both among the genera of a major group and the species of a genus: 
Limn odea arkansana, a festucoid grass, had only a single tunica. layer j 
Pfuiicum lindheimeri and P. maximim., panicoid species, had two tunica layers 
•while P. antidotale had a single layer; Hilaria sutica (chloridoid) pos­
sessed one tunica layer, H. belangeri -was found to have two. They con­
cluded that the number of tunica layers in the shoot apex might be sys­
tematically important at least from a general point of view. 
In a recent summary of the characters useful for classification at a 
tribal or subfamilial level, Stebbins and Craapton (1951) did not include 
the number of tunica layers in the stem apex. 
Phalaris arundinacea has been reported to have two tunica layers 
(Holt, 1954) and Brown et_ al. (1957) reported that P. tuberosa (=*?. aquatica) 
has two layers. 
Materials and methods 
Caryopses of various species of Phalaris -were germinated in soil-
filled pots in a greenhouse. TJhen the seedlings had two or three well 
developed leaves, the apices were dissected, fixed in FAâ. and subsequently 
embedded in paraffin, sectioned longitudinally at 6 mu and stained in 
safranin and fast green. The details of the procedures from, fixation to 
staining are given in Sass (1953). Serial sections of the apices were 
examined under a compound microscope. 
Apices of Phalaris angusta, P. caroliniena, P. maderensis, P. platonsis 
and P. truneata were not studied. 
An attempt was made to apply the tunica-corpus concept in the same 
manner as Brown et al. (1957, p. 59l) who state, "The tunica-corpus concept 
is applied here in a topographic sense ... in the same manner as utilised 
by Reeve and by Rouffa and Gunckel." Reeve (1948) and Rouffa and C-unckel 
(1951) included all parallel layers of the shoot apex in the tunica (see 
discussion by Esau, 1953, p. 103, 1960, p. 221-222). 
Results 
Drawings of the median longitudinal section through the stem apex of 
each species of Phalaris studied are given in Plate 5. All species appeared 
tc have two tunica layers although the second layer was more distinct in 
some species than in others. However, the second tunica layer was also 
found to be more distinct in particular apices of a given species than in 
others. 
Discussion 
The present study did not definitely indicate that the number of 
tunica layers varied among the species of Phalaris. However, when all 
parallel layers are included in the tunica, the number of tunica layers 
may fluctuate at different stages of development (Esau, 1953, 1960). This 
fluctuation can only be determined by the study of many shoot tips at dif­
ferent stages in development. 
Plate 6. Sten apices of Phalaris 
a. P. ssethystina 
b. P. aagasta 
c. P. aquatica 
d. P. sr'jndiaacea 
e. P. brachystachys 
f. P. califomica 
g. P. canariensis 
h. P. coerulescens 
i. P. leamorxii 
j. P. paradoxa 
All figures approximately 285X 
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DISCUSSION 
The characters studied were largely consistent among the species of 
Phalaris. These include: the shape of the hilun, the shape and position 
of the first seedling leaf, the hollowness or solidness of the internodes, 
the type of pulvinus, the size of the epidermal cells of the root tip, the 
number of tunica layers in the stem apex and certain complexes of characters 
associated with the embryo, epidermis, leaf anatccy, leaf succession, 
ligules, lodicules, pistil and starch grains. The consistency of these 
characters provides no evidence indicating their tazonomic use may be 
invalidated by the occurrence of intra-generic variation. 
Some of the characters which are uniform within the genus Phalaris, 
e.g., the type of pulvinus and the characteristics of the intemode, are 
known to vary among the species of other genera. Consequently, a knowledge 
of the constancy of a character in one genus does not warrent the assumption 
that the character may not vary in other genera. 
The variability in the basic number and size of the chromosomes in the 
genus Phalaris as well as in other genera was known prior to this study. 
In regards to chromosome size, the determination that a particular grass 
has chromosomes which are "small," "intermediate" or "large" in comparison 
to other grasses seems to be somewhat subjective. The establishment of a 
series of size ranges to be used in comparing chromosomes would be desir­
able. 
The ratio of the length of the first leaf to the width varied con­
siderably among the species of Phalaris. The extremes were a ratio of 32 
for one individual of P. califomica and a ratio of 145 for a seedling of 
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P. arundinacea. Kuwabara (1960) reported a ratio of 18.6 for one species 
of Poa and a ratio of 31 for another; one species of Festuca had a ratio 
of 22.5 "while another had a ratio of 106. This "wide variation within genera 
indicates that, in using this character, data from more than one species 
•within a genus should be considered. 
The combined data of Prat (1936) and Kuwabara (i960) show that the 
length/width ratios "within the major groups of grasses vary as follows: 
festucoids - 10.3 to 160; panicoids - 1.3 to 20; chloridoids - 3 to 40. 
Therefore, grasses with ratios of 10.3 to 20 occur in all three groups. 
The position of the leaf may vary within a major group. Zuwabara found 
certain chloridoid grasses had erect first leaves "while others possessed 
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recurved first leaves. Grasses with linear first leaf blades also occur 
in all three of the major groups although this shape was initially thought 
to be restricted to the festucoids. Due to this variation "within groups 
of grasses, the characteristics of the first seedling leaf (i.e., length/ 
width ratio, shape and position) seem to be of limited importance in the 
delimitation of tribes and subfamilies, nevertheless, the nature of the 
first seedling leaf may be of some tazonomic significance as each of the 
major groups of grasses appears to have a characteristic range of variation. 
There seems to be same variation among the species of Phalaris in 
their sensitivity to isopropyl-phenyl carbamate as measured by their germi­
nation response. following treatment with this chemical. Although this 
variation was not of a magnitude to invalidate the proposed tazonomic sig­
nificance of this character, it does indicate that possibly variation of 
a greater magnitude or sensitivities intermediate to those presently known, 
may occur in other genera. This emphasizes the need for further study of 
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this character, which at present has been investigated in only a few genera 
of the Graaineae. 
The angle and position of the root hairs at emergence were also found 
to vary within the genus Phalaris. However, such variation was known 
prior to the present study and these characters are no longer considered 
to be very significant at a tribal or subfsmilial level. 
It was found that the species of Phalaris were unifora in regards to 
leaf succession. At the time the shoot broke through the coleoptile the 
second leaf was represented qy a non-chlorophyllous primordium less than 
0.1mm. long. Examination of Avena sativa seedlings showed that at the same 
stage of development the second leaf was also non-chlorophyllous but ap­
proximately 0.6mm in length. In Zea mays, the second leaf was approxi­
mately 6.0am. long and chlorophyllous at the time -when the shoot broke 
through the coleoptile. 
Phalaris has only a single leaf primordium in the mature embryo. 
Avena sativa two (Bonnett, 1961) and Zea often has five (Weiss and 
S ass, 1961). The degree of development of the second leaf at the stage 
when the shoot breaks through the coleoptile seems to be interrelated to 
some degree with the number of leaves present in the mature embryo. 
There also seems to be some correlation between the number of leaves 
present in the mature embryo and the characteristics of the first leaf as 
seen in a cross section of the embryo. The first leaf of Phalaris has 
margins -which meet and 3-5 vascular bundles. In Avena sativa, the margins 
of the first leaf overlap and 9-12 bundles are evident (Bonnett, 1.961). A 
similar condition occurs in Zea (Reeder, 1957). . Additional evidence, of 
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this correlation is provided by the illustrations in feeder's (1957) work 
on the embryo. The embryos characterised by a first leaf in -which the 
margins merely meet and the vascular bundles are few in number, are, with 
a few exceptions, depicted as having a single embryonic leaf. The embryos 
possessing first leaves with overlapping margins and a number of vascular 
bundles have several embryonic leaves. 
It seems probable that the characteristics of the first leaf as seen 
in the embryo and leaf succession are basically related as they both seem 
to be correlated with the number of leaves present in the mature embryo. 
Consequently, the reason that these characters are teconomically significant 
at a tribal or subfamilial level would be due to fundamental differences 
between major groups of grasses in regards to the degree of plumular devel­
opment attained in the mature embryo. 
2h regards to other embryonic characters, it seems probable that the 
"fusion" of the scutellum and ccleorhiza (Seeder, IS57) is not a phylc-
genetic fusion. Instead it may be the loss (or gain) of the ability to 
produce the bas ally elongated region of the scutellum present in embryos 
having a scutellum -which is not "fused" to the coleorhiza. Evidence for 
this may be found in the embryo of Triticum aestivum (Hayward, 1938, p. 
153) which has a slight basal elongation of the scutellum. This is not 
prominent and Triticum is considered by Bee de r as having a "fused" coleo­
rhiza and scutellum. 
It should be stressed that at present the hypotheses advanced con­
cerning leaf succession and embryonic characters are based on a niniTnm 
of evidence and are very speculative in nature. Their validity cannot be 
determined until embryonic development and the number of plumular leaves 
present in the embryos of a number of genera cf grasses have been studied. 
The genera displaying all of the characteristics of any one of the 
three major groups of grasses (the festucoids, chloridoids and panicoids) 
apparently evolved from a common ancestral group possessing all of the 
traits characterizing the particular group (see Table 2). Since differences 
in a large number of diverse characters distinguish the three groups, the 
development of such an ancestral group from the most primitive grasses must 
have involved an accumulation of characteristics. 
Genera not possessing all of the characteristics of one of the major 
groups could have evolved along one of two pathways: one completely in­
dependent of those of the major groups or one which diverged from that of 
a major group. In the latter instance, divergence might have occurred 
prior to or after the existence of grasses possessing all of the traits of 
a particular major group. The time of divergence would determine in part 
the number and combination of characteristics such a grass would have in 
common with that group. 
The traits displayed by present-day grass genera suggest that both 
pathways have been followed. Certain genera, such as Blepharidachne (see 
p. 7), differ from the characteristics cf a major group in regard to only 
one of a few characters. At the other extreme, there are grasses such as 
the bamboos, which are markedly dissimilar to any of the major groups (see 
Stebbins and Crampton, 1951; Tateoka, 1960a; Prat, I960). The similarities 
that such grasses possess to a major group may be due either to retention 
of primitive characteristics or to parallel evolution. 
Thus the evolution of the grass family was undoubtedly very complex. 
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Llany different degrees of relationship certainly exist among present-day 
genera sr.d groups cf genera. 
As our knowledge of the genera of grasses bee ones ricre complete with 
regard tc the characters studied in this' investigation, it should be possib 
to analyze the degrees of relationship among the genera much more exactly 
than can be done at present. Such analyses Trill require an extended know­
ledge of the combinations of traits that occur in the Gr amine ae and the 
particular traits that are constantly associated. For example, assuae that 
a group of grasses is uniform, in respect to all characters except three (A, 
B and C;. Two variations cf each of these characters occur (A]_ end A?, 3^ 
and 2g, Ci and C«). Four cf the nine possible combinations exist , 
AgBjC?)' Thus this group of grasses may be divided into 
four subgroups, each characterized by one of the above combinations of . 
traits. Studies of character A indicate that the Ai_ condition is more 
primitive than the A% condition. If parallel evolution has not occurred, 
the constant association of A% with 3-, and C-, suggests that this is the 
most priadtive combination- Then the AQB-^CT combination must have been 
derived from AiB^C-. and and" AgB^Cg were derived independently from 
AgBiCi. Perhaps the different degrees of relationship which groups cf 
grasses bear to one another maybe elucidated through such analyses. 
Actual analyses will be extremely complex due to the large number of 
characters involved. In all likelihood such analyses will be facilitated 
through the use of computers. 
The employment of only two categories (tribe and subfamily) to group 
genera within the grass family limits the number of degrees of relationship 
which can be expressed. As our understanding of the grass family advances, 
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future classifications will probably utilize other categories in addition 
to those of tribe end subfamily. 
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